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Abstract 
Production of hydrogen from the aluminum and its alloys powder with aqueous alkaline solutions is studied. In this 
process, it is based on aluminum corrosion, consuming only water and aluminum which are cheaper raw materials 
than other compounds used for in situ hydrogen generation, such as chemical hydride. In principle, this method does 
not consume alkali because the aluminum salts production in the hydrogen generation undergoes a decomposition 
reaction that regenerates the alkali. As a result, this process could be a feasible alternative for hydrogen production to 
supply fuel cell. The results show that an increase of base volume and working temperature produced an increase of 
hydrogen production amount. Furthermore, an improvement of hydrogen production rate and yield was observed by 
varying aluminum particles size and by adding the accelerant. The development of this idea could improve yields and 
reduce costs in power units based on fuel cells which use hydrides as raw material for hydrogen production. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of MRS-Taiwan 
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1. Introduction 
The development of H2 fuel cells for vehicles, stationary and mobile applications has been an active 
area of research during the past 40 years [1]. Currently, this research is also important to reduce 
greenhouse gas emission from the burning of fossil fuels. Although hydrogen is an attractive fuel 
alternative for the future, attractive methods for hydrogen production and storage must be employed in 
order to maintain its positive profile. Hydrogen production methods are basically based in fossil fuels, 
including more than 90% of the industrial hydrogen production [2]. Therefore, to development of new 
technologies to generation hydrogen not base on fossil fuels is becoming more important to provide a 
clean fuel over the 21st century. 
Hydrogen generation for fuel cell application by reaction of chemical hydrides with aqueous solutions 
reduces storage weight and/or volume over high pressure or cryogenic storage [3].  
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However, hydrides generation hydrogen also has some disadvantages: hydrides are expensive raw 
materials considering current hydrogen prices and most of them unstable and sensitive to air moisture. On 
the other hand, hydrogen desorption from light metal hydrides, such as alanates, is an endothermic 
process that requires T>100ć [3, 4]. 
In the laboratory, hydrogen generation can be from aluminum reacted with acid or base chemicals. 
Aluminum has attracted attention as a battery anode because it is high theoretical ampere-hour capacity, 
voltage and specific energy [5]. These kinds of batteries present a parasitic hydrogen generating reaction 
due to aluminum corrosion in aqueous media: 
2Al + 6H2Oė 2Al(OH)3 +3H2        (1) 
Although this parasitic hydrogen generation is an undesirable reaction in aluminum/air batteries, 
aluminum corrosion in aqueous alkaline solutions provides a cheaper source of hydrogen than hydrolysis 
of hydrides. In addition, hydrogen production from aluminum can be achieved under mild conditions of 
temperature and pressure. The reactions of aluminum with sodium hydroxide in aqueous solution to 
produce hydrogen have already been studied [6-9]:  
2Al + 6H2O + 2NaOH ė 2NaAl(OH)4 +3H2      (2) 
NaAl(OH)4ė NaOH + Al(OH)3        (3) 
So, sodium hydroxide consumed in the hydrogen-generating reaction (2) can be regenerated in reaction 
(3) and the overall process is in Equation (1). Thus, only aluminum and water are the consumed raw 
materials to produce hydrogen. In fact, the use of commercially available aluminum or aluminum alloys 
could reduce hydrogen production costs. Aluminum alloys with particular metals, such as gallium, tin, 
rhenium, indium, lead, bismuth, magnesium or calcium, have higher reactivity than aluminum metal, but 
they are not easily available. Conversely, hydrogen production using commercially available aluminum 
alloys in mild conditions of temperature and pressure is an issue that has not been deeply studied [10]. 
In this study, we use commercial aluminum alloys, which are stable at normal conditions, trying to 
enhance aluminum reactivity and prevent the aluminum surface passivation. Therefore, the objective of 
this study is to demonstrate the feasibility of producing hydrogen for fuel cells applications from 
commercial aluminum and aluminum alloys and aqueous solutions with different bases. 
2. Experimental 
2.1. Chemicals 
Sodium hydroxide pellets and potassium hydroxide pellets were the guaranteed reagents of Showa. 
Deionized water was used to prepare all the aqueous solution. Al powder (-325mesh, 99.9% purity) and 
Al/Si alloy powder (88:12wt%, -325mesh, 99% purity) were supplied by Alfa Aesar. 
2.2. Apparatus, materials and measurements 
Preliminary test of Aluminum corrosion have been performed in a Pyrex glass breaker containing of 
KOH or NaOH aqueous solutions at different volume, concentrations and temperature. In these 
preliminary experiments, different amount 1M NaOH solution was added into 0.25g Al and alkaline 
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solution consumption was measured. Solids produced from aluminum corrosion were filtered using a 
vacuum pump and a funnel provided with a filter plate. Precipitate was dried in an oven at 100ć, and it 
was analyzed using X-ray diffraction in order to determine its composition. 
The equipment used to quantify hydrogen production volume and yield is illustrated in Fig. 1. 
Reagents were added into a 100 ml Pyrex glass reactor containing 10ml of working solution. All the 
experiments carried out with the aim of comparing Al hydrogen production amount were performed at 25
ć, with no external heating. At the same time, the reactor was heated with a water bath to maintain a 
constant temperature of 35ć and 50ć to study the reaction activity energy for corrosion. Hydrogen 
produced by aluminum corrosion emerged from the reactor through a Tygon tube of 30 cm length and 2 
mm internal diameter, it was passed through a water bath at ambient temperature in order to condense the 
water vapor, and hydrogen was collected in an inverted burette to measure the quantity of hydrogen 
produced. 
Fig. 1. Scheme of experimental set up.(1) Pyrex glass reactor; (2) thermometer; (3) Tygon tube; (4) breaker filled with water at room 
temperature; (5) water filled burette; (6) thermostatic water bath;(7) temperature controller. 
3. Results and Discussion 
The obtained results from preliminary experiments carried out using 0.25g of Al powder in different 
amount volume of 1M NaOH solutions are shown in Fig. 2. When the 1M NaOH solution less than 10 ml, 
as increase of amount of 1M NaOH solution causes an increase of Al corrosion rate and, consequently, 
produces an increase of hydrogen production, but the 1M NaOH solutions more than 10ml the hydrogen 
production does not change significant. The white solid produced was filtered, dried and analyzed by X-
ray diffraction (Fig. 3). These results confirm that the solid formed is basically composed by Al(OH)3 
and NaHCO3 or KHCO3 both identified by X-ray diffraction data base. The NaHCO3 or KHCO3 was 
formed due to CO2 reaction with alkaline solutions in contact with air and caused a diminution of free 
hydroxyl concentration [9]. 
108   Cheng-Chuan Wang et al. /  Procedia Engineering  36 ( 2012 )  105 – 113 
Fig. 2. Variation amount volume of 1M NaOH solution obtained consuming 0.25g Al at 25ć.
Fig. 3. X-ray diffraction corresponding to Al powder and solid produced with aluminum corrosion in 1M NaOH and 1M KOH. 
Comparing aluminum corrosion produced hydrogen either by KOH or NaOH, the same experiments 
were carried out using both bases. The obtained results are plotted in Fig. 4. Good hydrogen production 
was obtained using both bases, but aluminum corrosion was always faster using KOH instead of NaOH at 
the same concentration and temperature. Variation solution temperatures to compare aluminum corrosion 
produced hydrogen either by 1M NaOH or 1M KOH, its increases with the solution temperature increases, 
is shown in Fig. 5. When at 50  and 1M NaOH have a maximum hydrogen produced about 405 ml and к
about 339 ml at 1M KOH. The hydrogen generation produced with 1M KOH have less production due to 
CO2 reaction with alkaline solutions in contact with air and caused a diminution of free hydroxyl 
concentration [9]. The Al/Si alloy corrosion produced hydrogen at 50  and 1M NaOH have a maximum к
hydrogen produced about 285 ml and about 289 ml at 1M KOH. In addition, the Al/Si ally corrosion 
produced hydrogen increase intense at 50  due to silicone cк ould react in basic media generating an extra 
amount of hydrogen [11]. 
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Fig. 4. Comparison of hydrogen production obtained consuming 0.25g Al in NaOH, KOH and water at 25к.
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Fig. 5. Variation solution temperature of hydrogen production obtained consuming 0.25g Al or Al/Si in NaOH (a); KOH (b) 
In order to compare aluminum corrosion produced hydrogen active energy either by KOH or NaOH, 
the same experiments were carried out using both bases. The obtained results are plotted in Fig. 6. The 
Aluminum corrosion produced hydrogen active energy in KOH solution has lower activity energy is 
26.29 J/mol-K than NaOH is 30.29 J/mol/K, but the Al/Si alloy corrosion activity energy is the contrary 
in KOH is 36.40 J/mol-K and NaOH is 32.71 J/mol/K. Due to silicone would react in basic media 
generating an extra amount of hydrogen need more energy.
111 Cheng-Chuan Wang et al. /  Procedia Engineering  36 ( 2012 )  105 – 113 
3.1 3.2 3.3 3.4
0.1
1
10
Lo
g 
1/
t (
m
in
)
1/T(K)*1000
 Al-KOH 26.29KJ/mol-K
 Al-NaOH 30.92KJ/mol-K
3.1 3.2 3.3 3.4
0.1
1
10
Lo
g 
t (
m
in
) 
1/T(K)*1000
 Alloy2-KOH 36.40 KJ/mol-K
 Alloy2-NaOH 32.71 KJ/mol-K
Fig. 6. Activation energy of hydrogen production with aluminum and aluminum alloys corrosion in 1M NaOH and 1M KOH. 
In addition, to compare the aluminum particle size 325mesh and 10 um to hydrogen production and 
yield were obtained results shown in Fig. 7. To Use the ball milling to reduce the aluminum particle size 
in a protected solution with ethanol. The particles size reduced would increase the reaction activity and 
hydrogen production in the water solution and also increase production rate, due to the reaction surface 
area was increased.
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Fig. 7. Comparison particle size of hydrogen production obtained consuming 0.25g Al at 25ć.
4. Conclusions 
In this study, the technical feasibility of the described process has been demonstrated. Corrosion of 
aluminum and aluminum alloy in alkaline aqueous solutions is a simple method and could reduce 
hydrogen production costs for several applications which use chemicals hydrides as raw materials to 
generate hydrogen in situ. Preliminary experiments with KOH and NaOH showed a synergistic effect of 
amount of base volume and temperature to increase hydrogen production. Besides, the corrosion activity 
energy has been observed that the aluminum is lower than Al/Si alloy, so that the pure aluminum is good 
for hydrogen production process than aluminum alloys. In addition, to reduce the particles would increase 
the rate and hydrogen production. 
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